Genome update: sigma factors in 240 bacterial genomes Genomes of the month Ten new microbial genomes were published since the last 'Genome Update' column was written. The collection of this month's prokaryotic genomes, listed in Table 1 , consists of one archaeon (Sulfolobus acidocaldarius) and five bacteria (Corynebacterium jeikeium, Haemophilus influenzae, Pseudomonas fluorescens, Rickettsia felis and Xanthomonas campestris). In addition, four microbial eukaryotic genomes have been published: Dictyostelium discoideum AX4 (Eichinger et al., 2005) , Theileria annulata (Gardner et al., 2005) , Theileria parvarich (Pain et al., 2005) and Toxoplasma gondii (Khan et al., 2005) .
Corynebacterium jeikeium is an opportunistic pathogen and causes systemic infections, particularly in immunocompromised patients/hosts. Broad-spectrum resistance to antimicrobial agents is a common feature of C. jeikeium clinical isolates. Tauch et al. (2005) have published the genome sequence of the clinical isolate C. jeikeium K411. This strain contains a circular chromosome of 2?5 Mbp and a~15 kbp bacteriocinproducing plasmid (pKW4). About half the C. jeikeium genes (~52 %) constitute a 'chromosomal backbone' of conserved genes found in all four Corynebacteria species sequenced to date (C. glutamicum, C. efficiens, C. diphtheriae and C. jeikeium).
Haemophilus influenzae strain Rd was the first bacterium to have its genome completely sequenced (Fleischmann et al., 1995) and was also the first bacterial genome to be patented (O'Malley et al., 2005) , lending to this genome sequence a certain historical significance. In the decade since 1995, about 250 bacterial genomes have been sequenced and for many bacterial species multiple genome sequences have become available (for example, note that for all six of the genomes listed in Table 1 , at least one other genome has been sequenced from the same genus). A second H. influenzae isolate has now been sequenced (Harrison et al., 2005) . It is not generally appreciated that the originally sequenced H. influenzae strain was a rough form of a serotype not normally associated with disease. This was not stated as such in the publication (Fleischmann et al., 1995) and in this light it is an improvement that the sequence of a pathogenic, non-typeable serotype of H. influenzae has now been completed.
The gene content of the newly sequenced H. influenzae strain 86-028NP was compared with the H. influenzae rough serotype d strain KW20 (Rd). In total, 280 ORFs were identified in strain 86-028NP that are absent in the previously sequenced Rd strain, and 169 of the genes found in the Rd strain were missing in strain 86-028NP. However, the Rd sequence had been annotated when genome sequences were largely terra incognita, and annotation by comparative genomic methods was not possible. Annotation techniques have improved substantially as hundreds of genomes have been sequenced and annotated. Several studies have indicated that bacterial genomes can be overannotated, and in the H. influenzae Rd genome there could be as many as 200 genes annotated that might not be real (Skovgaard et al., 2001) . In addition to the 'extra' genes, there could well be missing genes, for example, any small non-coding RNAs that can play important regulatory roles. In our opinion, using the same set of 1709 genes annotated 10 years ago in the original H. influenzae GenBank file as 'gospel' is a missed chance to take advantage of the progress that has been made in 10 years of microbial genome annotation.
Of most interest are genes found in the new genome that are related to virulence. These include genes whose products are involved in adherence, of which 5 of 12 are present in strain Rd as well, and two others have contingency repeats (short stretches of simple base repeats, for example GGGGG, which can slip during replication, resulting in addition or deletion of a single base, changing the reading frame of the gene; Bayliss et al., 2001) . A total of 52 genes were identified for LPS biosynthesis, only four of which are unique to 86-028NP. At least eight LPS genes have contingency repeats. Iron acquisition and the oxidative stress response are important processes in determining virulence of H. influenzae. Strain 86-028NP has 21 genes involved in iron acquisition (of which 20 have homologues in Rd) and the genes thought to be involved in the oxidative stress response are relatively conserved between the two species. While these simple comparisons suggest that the difference in virulence may lie in differences in adherence, this needs to be confirmed with experimental data.
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Pseudomonas fluorescens is a commensal plant bacterium that can produce antimicrobial compounds to suppress plant pathogens and may even function as a growth promoter for plants. As a biofilm producer it is implicated in the fouling of dairy products in particular. P. fluorescens Pf-5 is the fourth publicly available genome of the pseudomonads; it is the largest of the four pseudomonads sequenced so far and it is composed of a 7 Mb circular chromosome, with 6144 annotated ORFs, 63 % of which have been assigned a function and 330 of which have no significant similarity to known proteins (Paulsen et al., 2005) . Other Pseudomonas genomes in public databases are from P. aeruginosa PAO1, P. putida KT2440 and P. syringae DC3000. Limited gene synteny exists between the genome of P. fluorescens Pf-5 and the other pseudomonads that have been sequenced. The authors suggest the existence of a core of over 4000 genes that are conserved between the four species. Features related to secondary metabolism have been localized to nine gene clusters. One such cluster encodes hydrogen cyanide production and is also found in P. aeruginosa. The chromosome contains one phage-and seven prophage-related genomic islands, constituting roughly 268 kbp in total (Paulsen et al., 2005) . P. fluorescens Pf5 is the largest genome shown in Table 1 , and it also has by far the largest number of sigma factors -a total of 33 (1 s 54 , 4 s 70 and 28 ECF s -see below for more details).
Rickettsia felis (Ogata et al., 2005) is the largest of the seven currently finished Rickettsia genomes. Described in 1990 as a Rickettsia-like micro-organism, this flea-borne bacterium was proposed in 1996 to be a distinct species, Rickettsia felis.
Originally characterized as a typhus-like Rickettsia, phylogenetic analysis has reclassified R. felis into the spotted fever group of Rickettsiae. After its discovery in 1990 in fleas in the Americas, the first European human case of an R. felis infection was reported in August 2000 (Marquez et al., 2002) .
As R. felis is an obligate intracellular parasite, phenotypic characterization was difficult before post-genomic studies. There are several nice examples where predictions made from the R. felis genome sequence could be verified experimentally (Ogata et al., 2005) . For example, ORFs with close sequence similarity to bacterial pili-associated genes led to the electron microscopy discovery of both conjugationand attachment-associated forms of pili. Perhaps the most important finding in R. felis is the presence of plasmids carrying conjugation-associated genes. As the gene content of the plasmids can be changed, this could provide a new tool for studying the more pathogenic species of Rickettsia.
The model Crenarchaeota organism, Sulfolobus acidocaldarius strain DSM639, was the first hyperthermoacidophile to be characterized from terrestrial solfataras and is the third Sulfolobus genome to be sequenced (Chen et al., 2005) . It has often been used in in vivo genetic studies of Archaea because of its ease of transformation and sensitivity to many ribosomal antibiotics. It grows optimally at 80˚C and pH 2 under aerobic conditions. The genome is A+T rich (63 mol%), 2?2 Mbp in length and carries 2292 predicted protein-encoding genes, of which more than 50 % are specific to Sulfolobus. As is the case for S. solfataricus, there is evidence for three replication origins in S. acidocaldarius. Moreover, many single genes as well as the first genes in operons lack a well-defined Shine-Dalgarno motif.
S. acidocaldarius differs from other known
Sulfolobus species in that it accepts a more limited range of carbon sources for nutrition and contains genes for thermopsin, a UV damage excision repair system, an aromatic ring dioxygenase and a characteristic restriction modification system. It is worth noting that the integrated conjugative plasmid is likely to be involved in intercellular genetic exchange, and yet S. acidocaldarius appears to have a very stable genome organization.
Black rot is a disease of crucifers (cabbage family) caused by Xanthomonas campestris pv. campestris (Xcc), a species of Gram-negative, aerobic bacteria. Black rot symptoms initially appear as V-shaped areas along the outer leaf edges; in the latter stages of the disease leaf veins turn black, plants become stunted, wilt and usually die. The genome of X. campestris strain 8004 was sequenced, annotated (Qian et al., 2005) and compared with that of X. campestris strain ATCC 33913 (da Silva et al., 2002) . There is a large degree of sequence conservation between the two genomes, both at the amino acid level and at the nucleic acid level. Analyses of the genome sequence have identified already known virulence factors, several additional metabolic pathways and regulatory systems, such as those for fatty acid degradation, type IV secretion and cell signalling. The X. campestris strain 8004 genome contains two s 54 genes, which normally exist in a Using these we have looked at the distribution of the three classes of sigma factors throughout the 240 bacterial genomes currently in our database. As a general rule, it appears that the number and diversity of sigma factor genes per genome relates to the environmental variation allowing growth for a given species.
Notice that in the first panel of Fig. 1 , most genomes have either one or no s 54 genes, although a few of the Proteobacteria genomes can have two. So far, all sequenced Xanthomonas species have two s 54 genes, as does Bordetella (with the exception of Bordetella pertussis). The future will tell whether the apparent trend in the presence of s 54 genes according to phylum -either it is there in a single copy or it is absent -will continue to hold. Note that Fig. 1 
